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ABSTRACT
More of Cut* jons are adsorbed and fixed by the compost from copper chloride solution than
from copper acetate. The adsorption and fixation of Cut? ions is greatly affected by the

antagonistic effect of Na and Ca*? ions in the system. The adsorbed copper can be made
soluble most readily by the use of citric acid.

Organic matter or the humus present in soils has been found to play an
important part in the fixation and availability of cupric salts applied to soils
in order to cure the deficiency of copper. It has been found (Steinbjerg and
Boken 1948, 1950) that Cu*™ is very strongly fixed in humus-rich soils and less
strongly in sandy soils. Consequently fertilization with copper produced the
least increase in Cu-value in humus-rich soils and the greatest increase in sandy
goils low in humus. Lees (1950) determined the Cu-retaining power of humie
acid extracted from peat soil of Trinidad and suggested the formation of
Cu-humic acid complex. Svanberg ef al. (1949) found that the fixation of
copper is a function of organic matter content of soils, but Lundblad et al.
(1949) are of the view that the fixation of copper by humus is not the main
cause of its deficiency because applied copper in peat soils is more available
than in mineral soils. Recently Misra and Sharma (1961) have found that
the copper adsorption by soils and compost depends not only on their organic
matter contents but also on their pH and CaCOj; status. Also, the copper
adsorbed by compost or soils is eagily decomposed by citric acid and made
available.

The present investigations have been made with a view to find out the
relative adsorption of Cu** ions by compost from very dilute solutions of
two copper salts, the effect of cations on the adsorption of Cu** jons and the
release of adsorbed Cu** ions by suitable acid extractant.

EXPERIMENTAL

The compost used in these experiments was collected from a local pit,
air-dried, powdered, passed through a 70-mesh sieve, finally oven-dried and
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analysed for total carbon content by Walkley and Black’s (1934) wet dlges-
tion method. It was found to be practically neutral in reaction.

For adsorption experiments 1g samples were taken in 250 ml conical
flasks and 25 ml of copper solutions of five strengths (from N/100 to N/500)
were added. The copper salts used were copper acetate and copper chloride
of A.R. quality. Stock solutions of approximately N/100 were first prepared,
copper determined iodometrically and finally dilutions were made to give
exactly N/100 copper solutions with respect to Cu** ions. Further dilutions
were made to obtain exactly N/200, N/300, N/400 and N/500 solutions.

The compost with 25 ml of copper solutions was shaken in conical flasks
for one hour and after keeping for 24 hours filtered through a Whatman
filter paper No. 42, fitted on & Buchner funnel, using suction. The residue on
the filter paper was washed free of Cu** ions by adding 50 ml of distilled
water over the residue in each case. The amount of Cu*™ ions in filtrates
wasg determined iodometrically following the modified method of Kolthoff and
Belcher (1957).

2 g solid “ammonium bifluoride was added to the filtrates followed by
2-3 g solid potassium iodide. The liberated iodine was titrated against N/100
hypo solution, using starch as an indicator at the final stage.

The amount of Cu** ions adsorbed by 1 g compost was obtained by
subtracting the amount of Cu*™ ions in the filtrates from the amount originally
present in the copper solutions used. The adsorption was then calculated for
100 g compost.

To the washed residue, over the filter paper, 50 ml N/2 citric acid solu-
tion was added and the leaching was slowly continued under suction till all
the solution passed through. Then 10-20 ml water was used to wash the
residue. The extract thus obtained was analysed for Cu™* content as
before, using solid ammonium bifluoride. This amount denoted the amount
of Cu** released.

In order to find out the effect of Na* and Ca*™" ions on the adsorption
and consequent releage of Cu™* ions by compost, to 1 g compost were added
two doses (0-1 g and 0-2 g) of solid sodium chloride and calcium chloride and
25 ml of copper solutions of varying concentrations. The adsorption of Cut™
ions and their release was determined as before.

In order to find out the efficiencies of different extractants (citric acid
N/2, acetic acid 2-4 N, neutral ammonium acetate N, oxalic acid N/2 and
water) in extracting adsorbed Cu*™ ions, 50 g compost was shaken with 250 ml
copper acetate and copper chloride solutions of N/200 strength kept for 24
hours and filtered. The treated compost was oven-dried at 110° C for 4 hours,
the dried samples were powdered and 5 g samples were used for extracting
the adsorbed Cut* employing 50 ml of above extractants. Cu*™ ions were
again determined iodometrically, using solid ammonium bifluoride,
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TaBLE 1 -

Adsorption and release of Cut™t jons by compost
(1 g compost+ 25 ml copper solutions)

Solutions Copper acetate Copper chloride
Concentration of &Tount of ﬁn-:_ount of Amount of ﬁniount of
Cut ™ jons Cu adsorbed {. Cu released | Cutt adsorbed Cu released
per 100 g (g) per 100 g (g) per 100 g (g) per 100 g (g)
N/100 0-8963 0-8030 1-1061 0-7056
N/200 0-6738 05712 0-6547 0-4513
N/300 0-5210 . 04210 0-4513 0-2214
N/400 0-4068 0-3011 0-3559 0-1907
N/500 0-3432 0-2517 0-2924 0-1144

From the results given in Table 1 it is observed that more of Cu** ions

are adsorbed by the compost from copper chloride than from copper acetate
solution of equal strength at N/100.

TaBLE 2(A)

Effect of N at ions on the adsorption and release of cut jons by compost
(1 g compost+0-1 g NaCl+ 25 ml copper solutions)

Solutions Copper acetate Copper chloride
Concentration of Amount of Amount of Amount of Amount of
Cut* ions Cutt adsorbed | Cut ™ released | Cu*™ adsorbed Cut* released
per 100 g (g) per 100 g (g) per 100 g (g} per 100 g (g)
N/100 0-7437 0-7310 ! 1-1887 0-9026
N/200 0-6484 0-5467 0-6738 0-3877
N/300 0-5022 0-4068 0-4577 0-2214
N/400 0-3820 0-2987 0-3623 0-1970
N/500 0-3365 0-2415 0:2924 0-1525

The introduction of Na* ions, as NaCl (vide Tables 2(A) and 2(B)), in
increasing doses leads to a sharp decrease in the adsorption of Cu™™* ions by
the compost from copper acetate solution. The introduction of Na* ions does
not appear to decrease the adsorption of Cu*™* from copper chloride but helps
in a slightly increased adsorption,

However, the presence of Ca** jons, as CaCl, (vide Tables 3(A) and 3(B)),
in the system, like Na‘ ions, opposes the adsorption of Cu** jons from
copper acetate and copper chloride solutions alike,



818 8. G. MISRA & R. C. TIWARI: EFFECT OF CATIONS ON THE

TaBLE 2(B)

Effect of N at jons on the adsorption and release of cutt jons by compost
(1 g compost+0-29 NaCl+ 25 ml copper solutions)

Solutions Copper acetate Copper chloride
Concentration of Amount of Amount of Amount of Amount of
Cutti Cut* adsorbed | Cut* released | Cnt™ adsorbed | Cut¥ released
1 tome per 100 g (g) per 100 g (g) ver 100 g (g) per 100 g (g)
N/100 0-6611 0-6484 1-2078 ! 0-9344
N/200 0-5848 0-5594 0-6738 i 0-4132
N/300 0-4767 0-4195 1 0-4704 0-1843
N/400 0-3687 0-2733 ! 0-3687 0-1779
N/500 0-3057 0-2352 | 0-2924 0-1525
i
TasLe 3(A)

Effect of Cat ™ ions on the adsorption and release of Cut* ions by compost
(I g compost+0-1 g CaCly+25 ml copper solutions)

Solutions Copper acetate Copper chloride
Concentration of Amount of Amount of Amount of Amount of
Cut¥ jons Cut* adsorbed | Cut¥ released Cu*t* adsorbed Cut™ released
* per 100 g (g) per 100 g (g) per 100 g (g) per 100 g (g)
N/100 0-5276 0-5276 1-0325 0-5393
N/200 0-5276 0-3623 0-6611 04513
N/300 0-4195 0-3496 0-4449 0-1970
N/400 0-3432 0-2288 0-3269 0-1080
N/500 0-3178 0-2606 i 0-2924 0-0953
l
TaBLE 3(B)

Effect of Ca™t ions on the adsorption and release of Cut™ ions by compost
(1 g compost+0-2 g CaCly+ 25 ml copper solutions)

Solutions . Copper acetate Copper chloride
Concentration of Amount\o'f Amount of Amount of Amount of
Cut jons Cut* adsorbed | Cut released | Cu’t adsorbed | Cut* released
per 100 g (g) per 100 g (g) per 100 g (g) per 100 g {g)
N/100 0-4958 0-4323 | 1-0198 . 0-6357
N/200 0-4132 0-3941 0-6357 ] 0-5530
N300 0-4195 0-2987 0-4449 0:1970
N/400 0-3432 0-2161 '0:3432 0-1843
N/500 0-2024 0-2034 0-2924 0-0953
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The effect of Na* and Ca*" ions in the adsorption of Cu*™ ions by the
compost from different copper solutions can be explained by assuming the
antagonistic effect of these ions. When Na* and Ca** ions are present in the
system, the entry of Cu** ions is restricted in the exchange complex of colloidal
organic matter due to a rivalry between ions. This explains the probable
mechanism by which Cu*™ ions are held up by the compost or organic material.
The behaviour of Na* ions in increasing the Cu** ions’ adsorption by the
compost from copper chloride, however, remains obscure.

The efficiency with which citric acid extracts the adsorbed or held Cu**
ions by the compost is variable. It extracts much more adsorbed Cu** jons
from copper acetate than from copper chloride. The lesser amount of Cu**
ions released from the compost, treated with copper chloride, suggests that a
greater fixation of copper is taking place. Therefore, if copper chloride is
added to soils rich in organic matter, there is a possibility of greater adsorp-
tion and consequently a greater fixation of copper leading to decreased copper
availability,

TasBLE 4
Efiiciencies of the various extractants in releasing adsorbed Cut™ by compost
(5 g Cut™ treated compost+50 ml exiractants)

. Amount of Amount of Cut ™ ions released (g) by
Copper solutions adsorbed
Cu+ +

Citric | Acetic |  Newmal 1 oqg)
acid acid acetato acid Water

(N/200) (®) Nj2) | (@4X) a0 (N/2)
Copper acetate 0-0941 0-0538 0-0337 0-0089 0-0031 0-0025
Copper chloride 0-0464 0-0317 0-0127 0-0038 Trace 0-0022

When the efficiency of extraction by citric acid is compared with other ex-
tractants in vogue (vide Table 4), the efficiencies found in decreasing order are

citric acid > acetic acid > ammonium acetate > water.

Practically no copper is extracted by oxalic acid as highly insoluble cupric
oxalate is formed.
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